Résumé. 2014 In addition, correlation factors describing the anti-parallel molecular association in these compounds have been derived from permittivity measurements. A tentative qualitative model is given in which the low P4 &#x3E;-values are attributed to this association. This leads to a certain proportion of « dimers », for which the long molecular axis is not parallel to the direction of the Raman-vibration anymore. In addition, steric interactions can be expected to lead to non-parallelism of the long axis of a dimer and of a neighbouring monomer. For specific parameters of the dimer, the combination of these two effects can lead to a marked broadening of f(03B2), and thus to low or negative values for P4 &#x3E;.
Introduction.
Nematic liquid crystals [1] are true liquids in the sense that the centres of mass of the molecules have 3-dimensional translational symmetry. They are distinguished from isotropic liquids by an anisotropic orientational distribution function. For a simplified model of rod-like molecules this function can be denoted by /(/!), where fl is the angle between the long molecular axis and the preferred direction (director n). Though knowledge of f (p) is of primary importance to test theories of the nematic phase, this is not readily available [2] . In principle, f(p) could be determined from X-ray or neutron scattering methods [3, 4] . However, this requires absolute intensity measurements, which are not easily obtained with sufficient accuracy. Alternatively it is useful to expand f (fl) as where the coefficients P 21 &#x3E; are the order parameters. The first three are given by
Only the even terms in the Legendre development of f (p) are nonzero, as due to the equivalence of n and -n one has /(7r -P) = f (/3).
The order-parameter ( P2 ) can be measured by usual techniques probing a second order tensor property [5] , such as diamagnetic anisotropy, birefringence, nuclear magnetic resonance (NMR) parameters, etc. ( P2 ) as well as ( P4 ) can be determined from the polarized Raman scattering of uniformly aligned samples, as first pointed out by Jen et al. [6] . Although reliable measurements are available for only a few compounds, surprisingly, for some of these compounds, rather low or even negative values for ( P4 ) have been reported [6, 7, 8] , far below the predictions from the Maier-Saupe meanfield theory. This contrasts with results for ( PZ ) in general, and for ( P4 ) in some other cases [9, 10] The z-axis of R' is directed along the axis of symmetry of the molecular bond stretch vibration considered.
In the scattering geometry depicted in figure 1 three independent depolarization ratios can be defined, given by where the subscripts of I refer to the polarization of the scattered and incident light, respectively. A fourth depolarization ratio, Ris., can be determined in the isotropic phase. Formulae giving the relation between the order parameters P2 &#x3E; and ( P4 &#x3E; and the depolarization ratios can be found in references [6, 9] . In these formulae appear five unknown parameters, ( P2 ), ( P4 &#x3E;, a, b and fl', the angle between the long molecular axis and the principal axis of the normal mode of vibration. These formulae are only valid under certain restrictions that have been discussed in some detail elsewhere [6, 8] . It is of primary importance that the orientational distribution does not depend on the Euler angles. This is correct if the influence of the flatness &#x3E;&#x3E; order parameter D is small. The latter is always the case if the molecular vibration is chosen such that p' is small (say 150) and, moreover a and b are small compared with unity [6] .
In practice the molecular bond of which the vibration is studied should be located in the aromatic core such that P' is small. When P' is small, an error of the order of 50 has a negligible influence on the results for ( P2 ) and P4 [12] . In addition the dielectric permittivity does not show the usual behaviour g _ P2 IkT [13, 14] . Instead must be interpreted as an effective dipole moment, with p,,2ff(T) = g(T) p2.
Here B stands either for the isotropic permittivity or for the average permittivity in the liquid crystalline phases, while g 1 gives the amount of antiparallel correlation. For the purpose of this paper we do not want to go into a discussion of the problems around the interpretation of the anisotropic permittivity of nematics, in particular in relation to the internal field [15] . We choose to consider either the average or the isotropic B and to apply the Kirkwood-Frohlich formalism to obtain g via [15] Here N is the number of molecules and s. the permittivity at high frequencies. We shall refrain from giving all details of the experimental depolarization ratios, which can be found in reference [19] . In relation to the reliability of the results we quote in Table I figure 3 for 5CB, the temperature dependence of both quantities is in good agreement. This is also true for the other members of the series [19] . In addition for 5CB P 2 ) from Raman and from NMR measurements are found to agree very well (Fig. 3) . In figure 4 the results for the relative dielectric permittivity slso are given. In order to see any variation in the association, the measurements have been extended to fairly high temperatures. As far as such data are available in the literature [23] they are in good agreement with the results shown in figure 4 . The dimer fraction derived from these data is shown in figure 5 , using equations (7) and (9), values for s. from refractive indices of reference [24] , and densities from reference [25] . 5 . Discussion.
The order parameters ( P 2 &#x3E; and P 4 &#x3E; of the nCBseries as given in figure 2 show in the first place an even-odd variation with n. This is quite common in homologous series and generally attributed to some preference of the alkyl chains for the all-trans conformation. As a consequence the odd members have relatively high and the even members have relatively (7) and (9 figure 6 one would expect the relative angle to be equal to #' . This effect will broaden f(p) of the mixture, and thus lead to a decrease Of P4 &#x3E; -In principle, one can simulate this effect by considering a mean-field type distribution of the form where U gives the strength of the potential and Z is a normalization constant. The results for ( P4 &#x3E; as a function of the parameter fli is very similar to that of equation (10) .
Obviously both effects discussed depend on the dimer concentration XD and on the value of the angle D. Effect (i) can be expected to be proportional to xD. In a sense it is trivial, and provided reliable absolute values for fli and XD could be obtained, it would be possible to calculate its effect exactly. Introduction of an angle fl' has already been considered by Miyano [7] for 5CB, however without a physical mechanism being proposed. Effect [9] that 7CT has the same type of mean-field behaviour of ( P 4 ) as 7MT, where in the absence of a CN-group this is expected anyhow.
Though qualitatively several experimental observations seem to fit in nicely with the model described, it is somewhat unsatisfactorily that this cannot be made more quantitative. This is due to the fact that the two effects (i) and (ii) on ( P 4 ) cannot easily be separated, while moreover more realistic models of the semi-flexible molecules are not tractable. In an attempt to obtain a firmer basis for the model molecular dynamics calculations have been carried out for 5CB [27] . The 
